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PATENT APPLICATION 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of 



Mutsumi KIMURA 



Application No.: 10/045,060 



Filed: January 15, 2002 



Docket No.: 111668 



For: ELECTRO-OPTICAL DEVICE, METHOD FOR DRIVING ELECTRO-OPTICAL 
DEVICE, ELECTRONIC APPARATUS, AND METHOD FOR DRIVING 
ELECTRONIC APPARATUS 



Prior to initial examination, please amend the above-identified application as follows: 
IN THE ABSTRACT : 

Please replace the Abstract filed with the Substitute Abstract attached hereto. 
IN THE SPECIFICATION : 

Please replace the specification with the Substitute Specification attached hereto. 
IN THE CLAIMS : 

Please replace claims 1-3, 5-8, 10-17 and 19-27 as follows: 



PRELIMINARY AMENDMENT 



Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 



Sir: 



(Amended) An electro-optical device, comprising: 
pixels, each pixel including: 



2. 



an electroluminescence element and a liquid crystal element. 
(Amended) The electro-optical device according to Claim 1, further including 



switching elements. 



3. 



(Amended) An electro-optical device, comprising: 

a layer including switching elements; 

a layer including an electroluminescence element; and 
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a layer including a liquid crystal element, the layer including the 
electroluminescence element and the layer including the liquid crystal element being placed 
above the layer including the switching elements. 

5. (Amended) The electro-optical device according to Claim 1, further including 
switching elements controlling at least one of the electroluminescence element and the liquid 
crystal element. 

6. (Amended) The electro-optical device according to Claim 1, the liquid crystal 
element functioning as a reflective liquid crystal element. 

7. (Amended) The electro-optical device according to Claim 1, at least a 
luminance of the electroluminescence element being controlled in a dark place, while at least 
a luminance of the liquid crystal element being controlled in a bright place. 

8. (Amended) The electro-optical device according to Claim 1, one electrode of 
the electroluminescence element and one electrode of the liquid crystal display element being 
common. 

10. (Amended) The electro-optical device according to Claim 2, the switching 
elements being controlled to be in one of an ON state and an OFF state. 

11. (Amended) The electro-optical device according to Claim 1, each pixel 
including sub-pixels, and the sub-pixels including the electroluminescence element, liquid 
crystal element, and switching elements. 

12. (Amended) The electro-optical device according to Claim 1 1, the switching 
elements being controlled to be in one of an ON state and an OFF state. 

13. (Amended) The electro-optical device according to Claim 12, a gray level 
being set as the function of an average luminance of the pixel. 

14. (Amended) The electro-optical device according to Claim 1, each pixel 
including a static RAM. 

15. (Amended) The electro-optical device according to Claim 11, each sub-pixel 
including a static RAM. 

16. (Amended) The electro-optical device according to Claim 14, scanning being 
performed when displayed data is changed. 
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1 7. (Amended) The electro-optical device according to Claim 2, the switching 
elements including TFTs. 

1 9. (Amended) The electro-optical device according to Claim 1 , a luminescent 
layer of the electroluminescence element including an organic material. 

20. (Amended) The electro-optical device according to Claim 1, a luminescent 
layer of the electroluminescence element including an organic polymer material. 

21. (Amended) The electro-optical device according to Claim 6, liquid crystal of 
the liquid crystal element being a super twisted nematic liquid crystal having a twist angle of 
1 80 degrees or more. 

22. (Amended) An electronic apparatus, comprising: 

the electro-optical device according to Claim 1, the electro-optical device 
being usable as a display unit. 

23. (Amended) A method for driving an electro-optical device that includes a 
plurality of types of electro-optical elements, comprising: 

setting a usage condition of the plurality of types of electro-optical elements 
on the basis of a result obtained by measuring a predetermined physical quantity. 

24. (Amended) The method according to Claim 23, the plurality of types of 
electro-optical elements including a luminescent element and a liquid crystal element. 

25. (Amended) A method for driving an electronic apparatus that includes a 
plurality of types of electro-optical elements, comprising: 

measuring a predetermined physical quantity; and 

setting a usage condition of the plurality of types of electro-optical elements 
on the basis of a result obtained by the measuring of the predetermined physical quantity. 

26. (Amended) The electronic apparatus according to Claim 22, further including 
a device that measures light intensity. 

27. (Amended) The electronic apparatus according to Claim 26, further including 
a device that provides a signal to set each usage condition of the liquid crystal element and 
the organic electroluminescence element to the electro-optical device on the basis of light 
intensity measured by the device that measures light intensity. 

-3- 
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REMARKS 

Claims 1-27 are pending. By this Amendment, claims 1-3, 5-8, 10-17 and 19-27 are 
amended, and the Abstract and specification are replaced with a Substitute Abstract and 
Substitute Specification. 

The attached Appendix includes marked-up copies of the specification 
(37 C.F.R. §1. 125(b)(2)) and each rewritten claim (37 C.F.R. §1.121(c)(l)(ii)). 

Prompt and favorable examination on the merits is respectfully requested. 



Respectfully submitted, 




James A. Oliff 
Registration No. 27,075 



Eric D. Morehouse 
Registration No. 38,565 

JAO:EDM/sdb 

Attachments: 
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Appendix 

Substitute Specification 
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Date: July 24, 2002 
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ABSTRACT OF THE DISCLOSURE 
The invention addresses or overcomes poor visibility of an organic 
electroluminescence display device in a bright place, and also addresses or overcomes an 
increase in power consumption caused by an attempt to increase the luminance for the 
purpose of enhancing visibility. In accordance with TFTs, the amount of light emission of an 
organic electroluminescence display element is controlled in a dark place, and the amount of 
light transmission of a liquid crystal display element is controlled in a bright place. A static 
RAM is provided in each sub-pixel by an area ratio gray-scale method. Low-temperature 
polycrystalline silicon TFTs are used for the TFTs, luminescent polymer is used for the 
organic electroluminescence display element, and super twisted nematic liquid crystal is used 
for a reflective liquid crystal display element. 
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Changes to Abstract: 



The following is a m< 




of the amended Abstract. 



<NDLX 



ABSTRACT OF THE DISCLOSURE 



Object 



T-e- The invention addresses or overcomes a-poor visibility of an organic 
electroluminescence display device in a bright place,, and also addresses or overcomes an 
increase in power consumption caused by an attempt to increase the luminance for the 
purpose of enhancing visibility improveme nt^ 
Solving Means 

By -In accordance with TFTs. the amount of light emission of an organic 

electroluminescence display element is controlled in a dark place 1 and the amount of light 
transmission of a liquid crystal display element is controlled in a bright place. A static RAM 
is provided in each sub-pixel by an area ratio gray-scale method. Low-temperature 
polycrystalline silicon TFTs are used for the TFTs, luminescent polymer is used for the 
organic electroluminescence display element, and super twisted nematic liquid crystal is used 
for a reflective liquid crystal display element. 

Selected Figur e 

Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 
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Changes to Claims: 

The following are marked-up versions of the amended claims: 

1 . (Amended) An electro-optical device., comprising; 
-pixels, each pixel e omprising including : 

an electroluminescence element and a liquid crystal element. 

2. (Amended) The electro-optical device according to Claim 1, further 
comprising including switching elements. 

3. (Amended) An electro-optical device,, comprising; 

a layer including switching elements: 

a layer including an electroluminescence element; and 

-a layer including a liquid crystal element, which ar e t he layer including the 

electroluminescence element and the layer including the liquid crystal element being placed 
above a-the layer including the switching elements. 

5. (Amended) The electro -optical device according to any of Claims l4e-4, the- 
further including switching elements having a function for controlling at least one of the 
electroluminescence element and the liquid crystal element. 

6. (Amended) The electro-optical device according to any of Claims 1 t o 5 , the 
liquid crystal element functioning as a reflective liquid crystal element. 

V. (Amended) The electro-optical device according to any of Claims l-te-6, at 
least the-ajuminance of the electroluminescence element being controlled in a dark place., 
while at least the-a_luminance of the liquid crystal element being controlled in a bright place. 

8- (Amended) The electro-optical device according to any of Claims l-te-^?, one 
electrode of the electroluminescence element and one electrode of the liquid crystal display 
element being common. 

10. (Amended) The electro-optical device according to any of Claims 2~te-4, the 
switching elements being controlled to be in either- one of an ON state er- and an OFF state. 
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1 1 • (Amended) The electro-optical device according to Claim 1-ejH* each pixel 
including sub-pixels i and the sub-pixels including the electroluminescence element, the-liquid 
crystal element, and the-switching elements. 

12. (Amended) The electro-optical device according to Claim 1 1, the switching 
elements being controlled to be in either -one of an ON state e^ and an OFF state. 

13. (Amended) The electro-optical device according to Claim 12, a gray level 
being set as the function of the-an average luminance of the pixel. 

14. (Amended) The electro-optical device according to Claim l-or-2, each pixel 
including a static RAM. 

15- (Amended) The electro-optical device according to any of Claims 1 1 to 1 3, 
each sub-pixel including a static RAM. 

16. (Amended) The electro-optical device according to Claim 14 or 15 , scanning 
being performed when displayed data is changed. 

1 7. (Amended) The electro-optical device according to any-ef-Claims 2 to 16 , the 
switching elements including TFTs. 

19. (Amended) The electro-optical device according to any of Claims 1 to 18 , a 
luminescent layer of the electroluminescence element including an organic material. 

20. (Amended) The electro-optical device according to any of Claims 1 to 19 , the- 
ajuminescent layer of the electroluminescence element including an organic polymer 
material. 

21 ■ (Amended) The electro-optical device according to Claim 6, the-liquid crystal 
of the liquid crystal element being a super twisted nematic liquid crystal having a twist angle 
of 180 degrees or more. 

22. (Amended) An electronic apparatus, comprising^ 

-the electro-optical device according to any one of Claims l^ to 21 the electro- 
optical device being usable as a display unit. 

23. (Amended) A method for driving an electro-optical device that includesmg a 
plurality of types of electro-optical elements, comprising: 
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setting a usage condition of the plurality of types of electro-optical elements 
on the basis of 4he-a_result obtained by measuring a predetermined physical quantity. 

24. (Amended) The method according to Claim 23, the plurality of types of 
electro-optical elements including a luminescent element and a liquid crystal element. 

25. (Amended) A method for driving an electronic apparatus that includesmg a 
plurality of types of electro-optical elements, comprising: 

a fir s t step of measuring a predetermined physical quantity; and 
a second st e p of setting a usage condition of the plurality of types of electro- 
optical elements on the basis of the-aresult obtained by the measuring of the predetermined 
physical quantit y in the first stop . 

26. (Amended) The electronic apparatus according to Claim 22, further 
comprising means fo r ineluding a device that measuresing light intensity. 

27. (Amended) The electronic apparatus according to Claim 26, further 
comprising means fo r ineluding a device that providesmg a signal fer-to setting each usage 
condition of the liquid crystal element and the organic electroluminescence element to the 
electro-optical device on the basis of the-light intensity measured by the mean s for device that 
measuresing light intensity. 
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ELECTRO— OPTICAL DEVICE, METHOD FOR DRIVING ELECTRO— OPTICAL DEVICE, 

ELECTRONIC APPARATUS, AND METHOD FOR DRIVING ELECTRONIC APPARATUS 



The present invention relates to an electro-optical device suitable 
for a display device, an electronic apparatus, and a method for driving 
the electronic apparatus . 

Dm-Kyiuund AM L 

Display devicessuch as liquid crystal display devices and organic 
electroluminescence display devicgjiave been installed in portable 
apparatuses__such as cellular phones. 

Recently, services for distributing images and animation content 
using, cellular phones as terminals have been introduced, and' c* display 
de^ic^f^f^r^^celLlular ph^ne^ha^b^^n^required to have a multiple gray- 
level display function, high definition, and excellent visibility, as 



well as low power consumption and long operating timeT^ ^Accordingly , fi^C^ ) 
^£g an "V-j^ -M^ the present inventio^^^^rovi^e^An electro-optical.- 
device which is suitable for display devices and which /fulfills the^, 
above-described requirements . 



A first— eiectro-optical device according to the present invention 
(^Vnmpr.i s£b pixels, each pixel cwmpuri ritrfrj, an electfo).uminescence element 



and a liquid crystal element.. The- 
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^ -^V^ electroluminescence element i-o that , — to 



- responds quickly to 



an electrical signat-apd thus is suitable for displaying animation^ f O: 
the other hand, tneT c h i nrnrali ariobia uf thm liquid crystal element 



wAUiujjly 



can control the alignment of liquid crystal with low 



power-jnd thus low power consumption can be easily achie^c edj -G* 1 ^ g J^»c^^/^«A> g, , 
Accordingly, by providing the electroluminescence element and-t+ts. liquid 

, ^ IP 

crystal element in the pixel, an electro-.optical deviljc^j^5u_jj^&ble for 
display devices, which consumes low power and which has an excellent 
animation display function, can be achieved. If necessary, the 
electroluminescence element in the electro-optical device can also be 
used as a backlight for the liquid crystal element. 

A second electro-optical device according to the present inventidii ,>Ktki<A*J^ 



•A 



he above-described electro-optical devi 



further wompj. i^y* switching elements. This electro-optical device has a 
configuration suitable jg^ptfntro ^S^ cfr the electroluminescence element 
or the liquid crystal element. Herein, the switching elements are 
preferably provided in one pixel together with the electroluminescence 
element and the liquid crystal element. However, the switching elements 
may be provided in any part of the elect r o-optical device ^^ the 
switching elements, for example, )j^w-temperature polycrystalline silicon 
TFTs, high-temperature polycrystalline silicon TFTs, amorphous silicon 
TFTs, thin film diodes, or silicon-based TFTs can be used,, 

^-Ar third eleotro-optical device according to the present invention 
a layer including an electroluminescence element and a layer 



ng a liquid crystal elementwhich are placed above a layer 



nentwh 



including switching elements, (^sthe switching elements, for example^ 
^ow-temperature polycrystalline silicon TFT s, , high- temperature 
polycrystalline silicon TFTs, amorphous ^silicon TFTs, thin film diodes, 
or silicon-based TFTs can be used^ 
fl ee ordi 



* fourth electro-optical device of the present 



invention 



the third electro-optical device of the present invention, -T*«-k- 



the layer including the liquid crystal element is placed above the layer 
including the electroluminescence element. The third and fourth 
electro-optical devices include the electroluminescence element and the 
liquid crystal elemeij^and have a configuration suitable for a thin 



electro-optical device. 



th electro-optical device of the present - r~N 
invention,.. *i<^the above-described electro— optical device, tfthe switcjbifrg 
elements have a function te^'^ontro^^^g^a't least one of the 
electroluminescence element and the liquid crystal element. In the 
electro-optical device, the luminance of the electroluminescence element 
or t >haC of the liquid crystal element can be adjusted by the switching 
elements . 

A cnnrding t>o s)Lxth electro-optical device of the present . . 

[""the above-described electro-optical device, /the liquid 



invention 

crystal element functions as a reflective liquid crystal element. 
Therefore, the electro-optical device can be operated with low power 
consumption because__it does not need a light source— such as a backlight. 



venth electro-optical device of the present 



he above-described electro-optical device , /at least the/ 
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luminance of the electroluminescence element is controlled in a dark 
place-^*hile at least the luminance of the liquid crystal element is 
controlled in a bright place. Therefore, the electro-optical device has 
excellent visibility in a bright place and consumes low power. 



/n eighth electro-optical device of the present 



invention ! ftB' tET above-described electro-optical device, electrode 
of the electroluminescence element and one electrode of the liquid 
crystal display element are common. 



Ac i.iui diuTj — to a ninth electro-optical device of the present 
invention^_i*fthe above-described electro-optical device ^/^the o £he-r' 
electrode of the electroluminescence element and a reflector of the 
liquid crystal display element are common. 

In the eighth and ninth electro-optical devices, at least one 
electrode for the electroluminescence element also functions as an 
electrode for the liquid crystal display element or a reflector. 
Accordingly, the eighth and ninth electro-optical devices of the present 
invention have a configuration suitable for a thin electro-optical 
device. Also, the device has a small number of layers through which 
light is transmitted, and thus a sufficient light usage efficiency can 
be acquired. Furthermore, the processes for production of the electro- 
optical device can be simplified. 



Aooordi i Tig to ^ tenth electro-optical device of the present 
invention , i rr the above-described electro-optical devivqe_^^ihe_swdrffching 
elements are controlled to be in either an ON state or an OFF state. In 
the electro-optical device, a D/A converter is not need ej^^ nd only a 



-:i o o nh.,, o c. a „ n :f n-a b* 



digital drive circuit is needed. Also, the electro-optical device can 
include a drive circuit /constituted by TFTs . Accordingly, the electro- 
optical device has a conf iguration^suitable S9t reducVig the area 
occupied by a peripheral circuit lor operat jjttg the switching elements . 



Acc»«xdlJiy To ^n eleventh electro-optical device of the present 
invention, i r/^ the above-described electro-optical device, ^each pixel 
includes sub-pixel»-«nd the sub-pixels include the electroluminescence 
element, the liquid crystal element, and the switching elements. In the 
electro-optical device, the luminance of the electroluminescence element 
or t±ta*t of the liquid crystal element included in the sub-pixels can be 
controlled, and thus the electro-optical device has a configuration in 
which multiple gray-level display can be performed. 

Aonnrdi ng M 1-X~/^tw^lf th electro-optical device of the present 



■Re eleventh electro-optical device of the present 
invention, i the switching elements are controlled to be in either an ON 
state or an OFF state. 

In the electro-optical device, a D/A converter is not -needed. Als< 
the electro-optical device can include a drive circuit f constituted by 
TFTs. Accordingly, the electro-optical device has a configuration 
suitable/f«f^ducl^>lie area occupied by a peripheral circuit^ 
operant f^g^i^e switching elements. Further, the electro-optical device 
has a conf igurati<3}n/sui£aJjl'e f^^pea'f o^ro^^^multiple gray-level display v- * b ^j^\ 
by controlling the luminance of the electroluminescence elemeC^jr ' 
of the liquid crystal element. 

ording i Via tMrteenth electro-optical device of the present 
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- the twelfth electro-optical device of the present 
t-ttfe funct: 



invention 

inventio n, ja g ray^leve'l is set a- fe; tta fe^furtction of the average luminance 
of the pixel. That is, the electro-optical device performs gray-scale 
display by binary-control of the luminance of the electroluminescence 
element or the liquid crystal element included in the sub-pixels, and by 
averaging them in each pixel. Consequently, excellent image uniformity 
can be realized even if the individual elements have variation. 

r tll-ny — te> /"fourteenth electro-optical device of the present 

the first or second electro-optical defvice-^-dr the present 
ncludes a static RAM. 



L - din g too X^fteenth electro-optical device of the present 



invention,— ifl any of the eleventh to thirteenth electro-optical devices 
of the present invention, /each^jsubj^pixel includes a static RAM. 

The fourteenth and fifteenth electro-optical devices of the present 
invention perform scanning (^onl y>when the data is changed because it has 
static RAMs, and thAis^^^^ction in scanning frequency and scanning 
thinning can be achieved. Accordingly, the electro— optical device has a 
configuration f suitable for low power consumption and long operating time. 





invention, — Loathe fourteenth --©^fifteenth electro-optical device' ov the 

— ^soj^yv-^ p < — 

splay* 

The electro-optical device has a f unction^suitable--f or low power 



present invention, 



consumption. 

nn fr / seventeenth electro-optical device of the present 

i nvfint i r^ry \ ^h e^aboveTdescr ibed electro-optical device, ^h^^switching 



elements include TFTs . 



fUUlUlliy t&^p^eighteenth electro-optical device of the present 
invention, jjr^the_ seventeenth electro-optical device of the— pjs^sent 
invention, 'the TFTs--are polycrystalline silicon vTFTs fproduced--'by a low- 
temperature process of 600 °C or less. Using a low-temperature process, 
polycrystalline silicon TFTs can be provided, for example, on a 
substrate containing glass which has a poor thermal resistance. 
Accordingly, the production cost of the electro-optical device can be 
reduced. Further, when the temperature in the process is reduced 
further, the electro-optical device can be placed on a flexible 
substrates-such as a plastic substrate. Consequently, the electro- 



ate^-JBUC 



optical device has excellent flexibility. 



» wui diiiy-4. u--jg-' nineteenth electro-optical device of the present 
invention ,^4-Tr^^e^^above^-described electro-optical devi ce , fa ru min^scent 
layer of the electroluminescence element includes an organic material. 
Full-color display can be performed by adequately selecting the organic 
materiai^t^^ioifstj^utJ^aa^le luminescent layer. 



fl a ^ e gdinj t o f twentieth electro-optical device of the present 

> l^cb^i 5^ 

invent io n , i « r *^h6^above- described electro-optical device, fthe 
luminescent layer of the electroluminescence element includes an organic 
polymer material. The electroluminescence element including the 
luminescent layer^made>f an organic polymer material can be driven with 
low powe^nd thus the electro-optical device has a conf iguratjon ^<(\^- *^ N> - 
suitable for low power consumption. I fa a idanfeally -, rder to form the 

luminescent layer of the nineteenth and twentieth electro-optical 
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devices of the present invention, a liquid-phase process— euch as spin 
coating, roll coating, or an Inkjet process, as well as a vapor-phase 
process- euch as evaporation— can be used. 

A**uui-iillly Lli p. twenty-first electro— optical device of the present 
invention-, i a^the ^abpve-described electro-optical device, ( the l iquid^ ' 
crystal of the liquid crystal element is a super twisted nematic liquid 
crystal having a twist angle of 180 degrees or more. In the electro- 
optical device, the liquid crystal element can be driven withM^^>w 
voltage, and thus power consumption of the electro-optical device can be 
reduced. 

An electronic apparatus according to the present invention 



A method for driving an electro-optical device of the present 



lectro-oj 

rrig em <-l . " .... - - . 



invention i s a mnthnd f a r driviif^ uu L-luutro e plkul dfciviufci rh/qludis© a- 

" - — 7-71 ^"rUXJy&* 

plurality of types of electro-optical element^-rfnri nnmrn-i <f7aj setting a 
usage condition of the plurality of types of electro-optical elemefnt-Ccm^ 



the basis of/t>h(§rBSult obtained by measuring a predetermined physical 
quantity. Herein, setting the usage condition of the electro-optical 
elements based on the result obtained by measuring a predetermined 
physical quantity means, for example, selecting a preferable combination 
of electro-optical elements and a number of the electro-optical elements 
to be used from a plurality of types of electro-optical eleme nte d 
adjusting the potential of a power supply-^jhich is a reference of power 
to be supplied to the electro-optical elements, on the basis of the 
result obtained by measuring the temperature where the electro-optical 



device is used, the intensity of external light, the luminance of the 
electro-optical elements, the resistance of the electro-optical elements, 
and so on. 

When the electro-optical device is used for a display device of a 
portable electronic apparatus, for example, low power consumption as 
well as visibility may be required. In that case, low power consumption 
and visibility can be achieved by selecting a suitable combination of 
the electro-optical elements based on the measured intensity of external 
light and power consumption according to the type of the electro-optical 
element . 

In the above-described method for driving the electro-optical 
device, the plurality of types of electro-optical eleme/ot^nclude a 
luminescent element and a liquid crystal element. 

The above-described method for driving the_el_ ectro- optical device 
is useful for a methcjd^ jfor~ d r i ving aw c loo Wo optioal do M io & ' in^wh igh a 
plurality of types of electro-optical elei^enfeQuch as a luminescent 
element and a liquid crystal element, are provided in each pixel. 

A method for driving_an. electronic apparatus according to the 
present inventi^n^i o ^ a m e thod f ui. dx i^TjIuy*" tin a i m rat gran i ts °rP" T ~°*" 1 ' 1 -vvxJLo^^J 
inc^ud±^^a^>lurality of types of electro-optical elera^L^ compi<fac-& 
a first step of measuring a predetermined physical quantitj^and a second 
step of setting the usage condition of the plurality of types of 
electro-optical elera^n^gji the basis of the measurement result obtained 
in the first step. Examples of the predetermined physical quantity 
include the temperature, the intensity of external light, the luminance 
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of the electro-optical elements, and the resistance of the electro- 
optical elements. 

Herein, setting the usage condition means setting the usage 
condition of the liquid crystal element and the luminescent element in 
accordance with, for example, the operating environment of the 
electronic apparatus, deterioration of the electro-optical elements due 
to increase in the operating time of the .liquid crystal element or the 
luminescent element. More specifically, an adequate combination of the 
electro-optical elements and the types of the electro-optical elements 
to be used are selected from the liquid crystal element and the 
luminescent element. Further, when the electro-optical device is used 
as a display device, a part of the display device can be displayed using 
the other electro-optical element. 

In the above-described electronic apparatus, the intensity of 



external light and the luminance of the electro-optical elements can be 
measured by p] — viding ' m*Mwi far^measur^Cg intensity of light. Further, 
by providing J5*6*»e--#e^_^»p^]l^^gg) a signal to the electro-optical device 
^fc^sett^/the usage condition of the electro-optical elemen ^s-^ ich as 
the liquid crystal elements and the organic electroluminescence element, 
the usage condition of the electro-optical elements can be set based on 
the result obtained by measuring the intensity of light. 

When the "intensity of light" is the intensity of external light in 
the environment where the electro-optical device is placed, the usage 
condition of the electro-optical elements can be set based on the 
operation environment of the electro-optical device, for example, 
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whether the environment is dark or bright. 

When the "intensity of light" corresponds to the luminance of the 
electro-optical elements, the deterioration of the electro-optical 
elements is measured. Accordingly, the usage condition of the electro- 
optical elements can be set based on the deterioration of the electro- 
optical elements. Consequently, the power to be supplied to the 
electro-optical elements can be adjusted. so that a predetermined 
luminance can be obtained. /- * 

he above^described electronic apparatus further . cowp** 




V» 4+ . . 

ft&t providi&gx-a signal to the electro-optical device £at settji&g" 

usage condition of the liquid crystal element and the organic 

electroluminescence element on the basis of the light intensity measured 

by the m otiu. wr measuring light intensity. 

^ . ^^ c £j*> 

^Brief Description of the Drawingg^ ^ 

Fig. 1 is a sectional view of an electro— optical device according 
to an embaddfiient of the present invention," 
R^g . 2 (s'hows a pixel equivaj. 



device accordinglo the embodiment of the present invention. 

Fig. -3.^j jluotratoc . a process for producing TFTs according to the 
embodiment of the present invention." . ^ 

Fig . , 4 > 1 3i WBtr at a s a process for producing an organic 
electroluminescence element and a reflective liquid crystal element 



according to^Jthe- embodiment of the present invention! 

Fig. 5fshows an example of a mobile personal computer on which the 
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ie pre; 

Fig. 6 /shows an example of a cellular phone on which the electro- 
optical device according to the present invention is mounted." 

Fig. 7 (shows an example of a digital still camera in which the 
electro-optical device according to the present invention is used as the 
finder j ^ ^ sA*Wh~*- 

Fig. 8/shows an electronic__apparatus according to an embodiment of 



the present invention .* , 7~~"~tr — . 

Fig. 9<^hows the operation of the. electronic apparatus according to 
the embodiment of the present invention. 
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Hereinafter, preferred embodiments of the present invention will be 
described . 

Fig. 1 is a sectional view of an electro-optical device according 
to an embodiment of the present invention. The device includes thin 
film transistors (TFTs) as switching elements, an organic 
electroluminescence element as an electroluminescence element, and a 
reflective liquid crystal element as a liquid crystal element. The TFTs 
include a semiconductor layer 12 which is made of polycrystalline 
silicon and which includes a source region and a drain region 15, a gate 
insulating film 13, gate electrodes 14, a first inter layer insulating 
film 16, and source electrodes and drain electrodes 17. The organic 
electroluminescence element includes an underlayer electrode 21, a 
luminescent layer 22, and a pixel electrode 23. The reflective liquid 
crystal element includes the underlayer electrode 21, the pixel 
electrode 23, liquid crystal 31, a counter electrode 32, a color filter 
33, and a polarizer 35. The pixel electrode 23 is shared by the organic 
electroluminescence element and the liquid crystal element. When the 
underlayer electrode 21 is made of material having a high light- 
reflection efficiency, such as metal, the underlayer electrode 21 
functions as a reflector of the liquid crystal element. In the electro- 
optical device having the above-described configuration, the organic 
electroluminescence display element emits unpolarized light. 
Accordingly, the emitted light is not modulated by the liquid crystal 



eleme^^nd the light from the organic electroluminescence element is 
visible from the polarizer 35 side. Further, by making the color of the 
light emitted from the organic electroluminescence element match the 
color of the light transmitted through the color filter 33, the color 
filter does not degrade the light usage efficiency. 

With this configuration of the electro-optical device, the 
advantages of the organic electroluminescence element and the reflective 
liquid crystal element can both Be en ji^Udd according to need. For 
example, the electro-optical device is constituted so that at least the 
organic electroluminescence element and the reflective liquid crystal 
element can be used ^frPBark and bright environments respectively, 
thereb^havin^L-bj^fa--^dvantages , that is, excellent visibility and low 
power consumption, which are usually mutually exclusive. For example, 
in a bright place, the reflective liquid crystal element is operated 
instead of the organic electroluminescence element, which usually causes 

to impg a ^ t e^ the^virsibility of the electro- 
optical device as a display device. At this time, by applying a voltage 
in the opposite direction to the under layer electrode 21, current is not 
supplied to the organic electroluminescence element, and thus power 
consumption can be reduced. 

Also, in the electro-optical device, the organic 
electroluminescence element and the reflective liquid crystal element 
can be driven by the same TFT. A'his'is cosJ>-er f icient compared to the 
case where a TFT is provided for each of the elements. Furthermore, 
since the TFTs are provided under the organic electroluminescence 
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element and the reflective liquid crystal elemen^^/iiaj>tf-eraitting area 
of the organic electroluminescence element or the aperture ratio of the 
reflective liquid crystal element is not reduced. In addition, since 
the TFTs are provided under the organic electroluminescence element and 
the liquid crystal element, a complex circu^fc-^uch as a static random 
access memory (RAM) can be provided. 

, j&e^liquid crystal 31 can be provided on the pixel 
electrode 23 with an alignment layer therebetween so that the alignment 




off-axis deposition, and UV irradiation. 

Fig. 2 is fa pixel equivalent circuit according to the electro- 
optical device having the configuration shown in Fig. 1. In Fig. 2, a 
plurality of scan lines 41 and a plurality of signal lines 42 are 
arranged in a matrix and the TFTs 43, static random access memories 
(RAMs) 44, reflective liquid crystal elements 45, and organic 
electroluminescence elements 46 are provided at the intersections of the 
scan lines 41 and the signal lines 42. 

In this embodiment, the gray-scale is represented by 2 bits, and 
thus a low-bit signal line 421 and a high-bit signal line 422 are 
provided as the signal lines 42. Accordingly, a low-bit TFT 431 and a 
high-bit TFT 432 are provided as the TFTs 43, and a low-bit static RAM 
441 and a high-bit static RAM 442 are provided as the static RAMs 44. 
Further, a low-bit reflective liquid crystal element 451 and a high-bit 
reflective liquid crystal element 452 are provided as the reflective 
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liquid crystal elements 45. A low-bit organic electroluminescence 
element 461 and a high-bit organic electroluminescence element 462 are 
provided as the organic electroluminescence elements 46. 

While a selection pulse is applied to the scan lines 41, a picture 
signal is applied to the signal lines 42— and is held by the static RAMs 

CP 

44 through the TFTs 43. Light reflection is controlled by applying 
voltages to the reflective liquid crystal elements 45. Also, light 
emission is controlled by supplying currents to the organic 
electroluminescence elements 46. Since the electro-optical device of 
this embodiment includes the static RAMs 44 which are capable of holding 
a picture signal, scanning at a constant period is not needed; rather, 



scanning isiperf ormed/onlj) when the image display is changed. 

Y, the electro-optical device has a conf iguration/suita. 





Tso, the electro-optical device has a conf igura(tion^uifca1ble for 
gray-scale display using a digital (binary) driving method, in which any 
of the ON state and OFF state of the TFTs is selected. For example, by 
setting the luminance of the reflective liquid crystal element to 0 and 
^L^^id setting the luminance of the organic electroluminescence element 
also to 0 and 1 , the total area occupied by the organic 

electroluminescence element and the reflective liquid crystal element of 
the'luminance of 1 or 0 corresponds to the gray-scale. This gray-scale 

( ry&urcS- —y x , ~N 

^ethod is generally c / il l ad^an^area ratio gray-scale method---fM. Kimura, 
et al, Proc. Euro Display '99, Late-News Papers (1999), 71; M. Kimura, 
et al, Proc. IDW '99 (1999), 171; M. Kimura, et al, Dig. AM— LCD 2000 
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(2000), 245; M . Kimura, et al, to be published in J. SID 8 (2000), 1; 
Japanese Unexamined Patent Application Publication Nos . 09-090345, 10- 
068931, 09-233107; and Japanese Patent Application No. 11-305740). 

In the electro-optical device, the area ratio of the low-bit 
reflective liquid crystal element 451 and the high-bit reflective liquid 
crystal element 452 is 1:2. Since the amount of light reflection is 
proportional to the light reflection area, the ratio of the amount of 
light reflection is also 1:2, and thus 4 gray levels can be obtained. 
The area ratio of the low-bit organic electroluminescence element 461 
and the high-bit organic electroluminescence element 462 is 1:2. Since 
the amount of light emission is proportional to the light emission area, 
the ratio of the amount of light emission is also 1:2, and thus 4 gray 
levels can be obtained. The spirit of the present invention can be 
applied to a 3-bit gray-scale or higher. 

In this embodiment, CMOS-inverter-type static RAMs 44 are used, but 
any type of static RAMs 44, such as depletion-load-type and high- 
resistance polycrystalline-silicon-load-type, can be applied to the 
present invention. 

^orfiiquid crystal material for the reflective li quid cryst alJlP 

--T-— - 

elements »j?ariJous liquid crystal compounds, fui^ u Anmp i , a r super twisted 

nematic liquid crystal having a twist angle of 180 degrees or more, can 

be used^^The reflective liquid crystal element containing the super 

twisted nematic liquid crystal having a twist angle of 180 degrees or 

more is advantageous in that it can be driven with a low voltage. Also, 

in this embodiment, the super twisted nematic liquid crystal is used as 
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the liquid crystal material for the reflective liquid crystal display 
element and is ste"SaTiy driven by the static RAM, and thus the response 
speed is not Sd' s^pwf: 

Various electroluminescence materials, for example, an organic 
polyi^^uch as paraphenylene vinylene and its derivat ive^ an be used 
for the luminescent layer of the organic electroluminescence element . 
The organic electroluminescence element including the luminescent laye r < fl/*A~""^ ^ 
made of organic polymer can be driven with low power, and thus the power 
consumption of the electro-optical device can be reduced. 

The TFTs are used as the switching elements in this embodiment, but, 
for example, thin film diodes ( TFDs )— -can— aiso~be— used according to 
requirements. s» JU«~ «>V»-5 ^W^" 



mb a process for producing _the. 




used as the 



switching elements of the embodiment according to the present invention, 
using a low-temperature process. Specifically, an amorphous silicon 
film is formed on an array substrate 1 1 by PECVD using SiH 4 and by LPCVD 
using Si 2 H 6 . Then, the amorphous silicon is recry stallized by laser 
irradiation, for example, excimer laser irradiation, or solid-phase 
growth, so as to form polycrystalline silicon 12 (Fig. 3(a)). After 
patterning of the polycrystalline silicon 12, the gate insulating film 
13 is formed. The gate electrodes 14 are formed by deposition and 
patterning (Fig. 3(b)). An impuri^y-^ych as phosphorus or boron^ij 
implanted into the polycrystalline silicon 12 by self-alignment using 
the gate electrodes, so as to form the source region and drain region 15 
having a CMOS structure- Then, the first interlayer insulating film 16 
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is formed, contact holes are formed, and the source electrodes and drain 



Although not shown in tj^P^] the TFT the st> rams. 



electrodes 17 are formed by deposition and patterning (Fig. 3(c)). 

.CP-) -3it>> 

- ' ' — ■ ' ~AMs— 

for the switching elements— are formed on a glass 

ytA -<=5L 

substrate /byfso-^llled low-temperature processef-4g0 C or less. 

^igJ^T l ljiirtratej a process for producing^ the -organic 
electroluminescence element and the reflective liquid crystal element 
according to the embodiment of the present invention. A second 
interlayer insulating film 18 is formed^^nd the underlayer electrode 21 
is formed by deposition and then patterning. The luminescent layer 22 
is formed by a liquid-phase process— .such as spin coating (T. Shimada, M. 

CP 

Kimura, et al, Proc. Asia Display '98, 217 (1998)), squeegee coating, or 
an Inkjet process (T. Shimada, S. Seki, et al, Dig. SID '99 (1999), 376; 
and S. Kanbe, et al, Proc. Euro Display '99 Late-News Papers (1999), 85), 
or a vacuum procesa^such as sputtering or evaporation. A contact hole 
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is forme^ind the pixel electrode 2 3 is formed by deposition and then 
patterning (Fig. 4(a)). Then, the reflective liquid crystal element is 
formed by an ordinary process ( "Color liquid crystal display playing a 
leading roll in mobile technologies", Session 4 of talks at Electronic 
Display Forum 98) . 

Ii^ id ont a 1 1 y . jer^pheral circui^^uch as a shift register, a scan 
line driver, a signal line driver, and a CPU can be provided after the 
above-described processes. However, the peripheral circuits^^uch as the 
shift register, the scan line driver, the signal line driver, or the C PiJL^ 
can be integrated on the glass substrate when the switching elements and 
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the static RAMs are formed. 

Next, examples of electronic apparatuses using the above-described 
electro-optical device are described. Fig. 5 is a perspective view 
showing the configuration of a mobile personal computer using the 
electro-optical device. (jji te nia f ji^u r e^fehfe personal computer 1100 
includes a main body 1104 having a keyboard 1102 and a display unit 1106. 
The display unit 1106 includes the foregoing electro-optical device 100. 

Fig. 6 is a perspective view showing the configuration of a 
cellular phone using the electro-optical device 100 as a display unit, 
p thi s /Ti givtjg^^the cellular phone 12 00 includes a plurality of 
operation buttons 1202, an earpiece 1204, a mouthpiece 1206, and the 
electro-optical device 100. J^v*^Y«^) 



Fig. 7 is a perspective (^W^hovd^Jtbe-configuration of a digital 
still camera using the electro-optical device 100 as a finder./ — ichis^ 

, to " 1 j 

plainly- shows the connection between the digital still camera and 
external equipment. In an ordinary camera^^film is exposed to the 
optical image of an object. On the other hand, the digital still camera 
1300 performs photoelectric conversion of the optical image of an object 
by an imaging deviq*-^uch as a charge coupled device ( CCD^-^o as to 
generate an image signal. On the back surface of a casing 1302 of the 
digital still camera 1300, the foregoing electro-optical device 100 is 
provided_^and display is performed on the basis of the image signal 
generated by the CCD. Herein, the electro-optical device 100 functions 



a finde ^f«^^play^) objects 



Also, on the front surface (back 
casing 1302, a light-receiving unit 1304 
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When a photographer views the image of an ob jectj^ispljye^ on the 
electro-optical device 100 and pushes a shutter button 1306, an image 
signal /generjrtTed by the CCD at that time is transmitted to_^and stored in 
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a memory on a circuit board 1308. Also, in the digital still camera 
1300, video signal output terminals 1312 and an input/output terminal 
for data communication 1314 are provided, in a side surface of the casing 
1302. Further, as shown in Fig. 7, a television monitor 1430 can be 
connected to the video signal output terminals 1312^-^d a personal 
computer 1440 can be connected to the input /output terminal for data 
communication T3J. 4, according to requirements. In addition, the image 
signal ^tored^ln the memory on the circuit board 1308 is output to the 
television monitor 1430 and the personal computer 1440 by a 
predetermined operation. . 

A c well a/ the personal computer in Fig. 5, the cellular phone in 
Fig. 6, and the digital still camera in Fig. 7 , /Electronic apparatuses 
to which the electro-optical device 100 of the present invention is 
applied include a television set, a video tape recorder of viewfinder 
type or monitor direct— view type, a car navigation system, a pager, an 
electronic notebook, an electronic calculator, a word processor, a 
workstation," a "videophone, a POS terminal, and equipment having a touch 

paiiel^/ Needless to say, the electro-optical^ device 100 can be used 

^ 

the display unit of each of th^se^lectronitT apparatuses . ^jiuldyul ullfa* 



mples of electro-optical elements used for the electro-optical device 
lpO arf an j^ganic electroluminescence element, an inorganic 
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electroluminescence element, a reflective liquid crystal element, a 
transmissive liquid crystal elem ent, an electrophoretic element, and an 
electron emission element^ -C-or *-*^v«^^- 

QFig. 8 /'shows an electronij^apparatus according to an embodiment of 



the present invention. The electronic apparatus includes the electro- 
optical device, a display unit 51, and a light intensity measuring 
device 52. An electro-optical element used for the display unit 51 can 
be selected in accordance with the application and required performance 
from, for example, an organic electroluminescence element, an inorganic 
electroluminescence element, a reflective liquid crystal element, a 
transmissive liquid crystal element, an electrophoretic element, and an 
electron emission element. It is preferable to use a plurality of 
electro-optical elements, such as the organic electroluminescence 
element and the reflective liquid crystal elemen^^ji order to achie^re^ g^Vj^t-C^^ 
power consumption and visibility. 

Any light intensity measuring device having any material, structure, 
or method can be used for the light intensity measuring device 52, as 
long as the light intensity can be measured. Typical— examples include a 
CMOS image sensor, a CCD, and a photo^ iodej -£t9 e-ico^yA ^, 

Subsequently, a method for setting a usage mode of the electro- 
optical elements in the electronic apparatus shown in Fig. 8 is 
described with reference to Fig. 9. Basically, the usage mode of the 
electro-optical elements is set based on whether the intensity of 
external light measured by the light intensity measuring device 52 is 
larger or smaller than a predetermined value which is appropriately set. 



,1, OS O MK5Ci iSlI 




which the electro-optical device shown in Fig. 1 is used for the display 
unit 51 of the electronic apparatus shown in Fig. 8. After the 
intensity of external light is measured, the organic electroluminescence 
element is operated if the result is darjf-^nd the reflective liquid 
crystal element is operated if the result is bright. More specifically, 
when the organic electroluminescence element is operated, a voltage is 
applied to the underlayer electrode 21 shown in Fig. 1 so that the 
organic electroluminescence element has a forward voltage. For example, 
when the organic electroluminescence element has a diode characteristic 
in which a current flows froitr^Ofev pixel electrode 2 3 to the underlayer 
electrode 21, a voltage J^owe^^han that of the pixel electrode 23 is 
applied to the underlayer electrode 21. Otherwise, a voltage higher 
than that of the pixel electrode 23 is applied to the underlayer 
electrode 21. At this time, the reflective liquid crystal element also 
responds, but the emitted light from the organic electroluminescence 
element is not modulated because the light is unpolarized. 

When the reflective liquid crystal element is operated, a voltage 
is applied to the underlayer 21 so that the organic electroluminescence 
element has a reverse voltage. For example, when the organic 
electroluminescence element has a diode characteristic in which a 
current flows fromXhe pixel electrode 23 to the underlayer electrode 21, 
a vol tagef higher than that of the pixel electrode 23 i-»v applied to the 
underlayer electrode 21. Otherwise, a volt4geflowej^**6han that of the 
pixel electrode 23 is applied to the underlayer electrode 21. The 
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reverse voltage does not cause current flow and light emission, and thus 
the power consumption does not wastefully increase. 

In the electronic apparatus shown in Fig. 8, the usage mode of the 
electro-optical elements is set based on the intensity of external light. 
However, the usage mode of the electro-optical elements can be set based 
on, for example, deterioration of the electro-optical eleme^or on the 
result obtained by measuring the remaining battery. Also, the. usage 
mode can be set by a user himself using a switch or the like. 

Furthermore, an adequate method for driving the electro-optical 
elements can be selected from an active driving method and a passive 
driving method in accordance with the required power consumption, the 
display panel size, the display quality, the production cost, and so on. 

Various gray-scale methods can be adopted for the gray-scale method 
for the electro-optical elements. For example, a method in which the 
gray-scale is obtained by analog-control of the current or the voltage 
applied to the electro-optical elements^rid a time ratio gray-scale 
method in which the gray-scale is obtained by controlling the period of 
the ON state of the electro-optical elements can be adopted along with 
the above-described area ratio gray-scale method. When the area ratio 
gray-scale method is adopted, the power consumption can be reduced by 
using the static RAMs . 
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ELECTRO-OPTICAL DEVICE, METHOD FOlH§i|?rrfNG ELECTRO-OPTICAL 
DEVICE, ELECTRONIC APPARATUS, AND METHOD FOR 
DRIVING ELECTRONIC APPARATUS 



[0001] The present invention relates to an electro-optical device suitable for a 
display device, an electronic apparatus, and a method for driving the electronic apparatus. 
2. Description of Related Art 

[0002] Display devices, such as liquid crystal display devices and organic 
electroluminescence display devices, have been installed in portable apparatuses, such as 
cellular phones. 

[0003] Recently, services for distributing images and animation content using 
cellular phones as terminals have been introduced. Thus, display devices for cellular phones 
have been required to have a multiple gray-level display function, high definition, and 
excellent visibility, as well as low power consumption and long operating time. 



[0004] Accordingly, the present invention provides an electro-optical device which 
is suitable for display devices and which addresses or fulfills the above-described 
requirements. 

[0005] A first electro-optical device according to the present invention includes 
pixels, each pixel including an electroluminescence element and a liquid crystal element. 
The electroluminescence element responds quickly to an electrical signal, and thus is suitable 
for displaying animation, for example. On the other hand, the liquid crystal element can 
control the alignment of liquid crystal with low power, and thus low power consumption can 
be easily achieved, for example. Accordingly, by providing the electroluminescence element 
and the liquid crystal element in the pixel, an electro-optical device that is suitable for display 
devices, which consumes low power and which has an excellent animation display function, 
can be achieved. If necessary, the electroluminescence element in the electro-optical device 
can also be used as a backlight for the liquid crystal element. 

[0006] A second electro-optical device according to the present invention includes 
the above-described electro-optical device and further includes switching elements. This 
electro-optical device has a configuration suitable to control the electroluminescence element 
or the liquid crystal element. Herein, the switching elements are preferably provided in one 
pixel together with the electroluminescence element and the liquid crystal element. However, 
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the switching elements may be provided in any part of the electro-optical device. Low- 
temperature polycrystalline silicon TFTs, high-temperature polycrystalline silicon TFTs, 
amorphous silicon TFTs, thin film diodes, or silicon-based TFTs can be used as the switching 
elements, for example. 

[0007] A third electro-optical device according to the present invention includes a 
layer including an electroluminescence element, and a layer including a liquid crystal 
element, which are placed above a layer including switching elements. Low-temperature 
polycrystalline silicon TFTs, high-temperature polycrystalline silicon TFTs, amorphous 
silicon TFTs, thin film diodes, or silicon-based TFTs can be used as the switching elements, 
for example. 

[0008] A fourth electro-optical device of the present invention includes the third 
electro-optical device of the present invention, such that the layer including the liquid crystal 
element is placed above the layer including the electroluminescence element. The third and 
fourth electro-optical devices include the electroluminescence element and the liquid crystal 
element, and have a configuration suitable for a thin electro-optical device. 

[0009] A fifth electro-optical device of the present invention includes the above- 
described electro-optical device, such that the switching elements have a function to control 
at least one of the electroluminescence element and the liquid crystal element. In the electro- 
optical device, the luminance of the electroluminescence element or the luminance of the 
liquid crystal element can be adjusted by the switching elements. 

[0010] A sixth electro-optical device of the present invention includes the above- 
described electro-optical device, such that the liquid crystal element functions as a reflective 
liquid crystal element. Therefore, the electro -optical device can be operated with low power 
consumption because it does not need a light source, such as a backlight. 

[0011] A seventh electro-optical device of the present invention includes the above- 
described electro-optical device, such that at least the luminance of the electroluminescence 
element is controlled in a dark place, while at least the luminance of the liquid crystal 
element is controlled in a bright place. Therefore, the electro-optical device has excellent 
visibility in a bright place and consumes low power. 

[0012] An eighth electro-optical device of the present invention includes the above- 
described electro-optical device, such that one electrode of the electroluminescence element 
and one electrode of the liquid crystal display element are common. 
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[0013] A ninth electro-optical device of the present invention includes the above- 
described electro-optical device, such that the other electrode of the electroluminescence 
element and a reflector of the liquid crystal display element are common. 

[0014] In the eighth and ninth electro-optical devices, at least one electrode for the 
electroluminescence element also functions as an electrode for the liquid crystal display 
element or a reflector. Accordingly, the eighth and ninth electro-optical devices of the 
present invention have a configuration suitable for a thin electro-optical device. Also, the 
device has a small number of layers through which light is transmitted, and thus a sufficient 
light usage efficiency can be acquired. Furthermore, the processes for production of the 
electro-optical device can be simplified. 

[0015] A tenth electro-optical device of the present invention includes the above- 
described electro-optical device, such that the switching elements are controlled to be in 
either an ON state or an OFF state. In the electro-optical device, a D/A converter is not 
needed, and only a digital drive circuit is needed. Also, the electro-optical device can include 
a drive circuit that is constituted by TFTs. Accordingly, the electro-optical device has a 
configuration that is suitable to reduce the area occupied by a peripheral circuit to operate the 
switching elements. 

[0016] An eleventh electro-optical device of the present invention includes the 
above-described electro -optical device, such that each pixel includes sub-pixels, and the sub- 
pixels include the electroluminescence element, the liquid crystal element, and the switching 
elements. In the electro-optical device, the luminance of the electroluminescence element or 
the luminance of the liquid crystal element included in the sub-pixels can be controlled, and 
thus the electro-optical device has a configuration in which multiple gray-level display can be 
performed. 

[0017] A twelfth electro-optical device of the present invention includes the 
eleventh electro-optical device of the present invention, such that the switching elements are 
controlled to be in either an ON state or an OFF state. 

[0018] In the electro-optical device, a D/A converter is not needed. Also, the 
electro-optical device can include a drive circuit that is constituted by TFTs. Accordingly, 
the electro-optical device has a configuration that is suitable to reduce the area occupied by a 
peripheral circuit to operate the switching elements. Further, the electro-optical device has a 
configuration that is suitable to perform multiple gray-level display by controlling the 
luminance of the electroluminescence element or the luminance of the liquid crystal element. 
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[0019] A thirteenth electro-optical device of the present invention includes the 
twelfth electro-optical device of the present invention, such that a gray level is set as a 
function of the average luminance of the pixel. That is, the electro -optical device performs 
gray-scale display by binary-control of the luminance of the electroluminescence element or 
the liquid crystal element included in the sub-pixels, and by averaging them in each pixel. 
Consequently, excellent image uniformity can be realized even if the individual elements 
have variation. 

[0020] A fourteenth electro -optical device of the present invention includes the first 
or second electro-optical devices of the present invention, such that each pixel includes a 
static RAM. 

[0021] A fifteenth electro-optical device of the present invention includes any of the 
eleventh to thirteenth electro-optical devices of the present invention, such that each sub- 
pixel includes a static RAM. 

[0022] The fourteenth and fifteenth electro-optical devices of the present invention 
only perform scanning when the data is changed because it has static RAMs, and thus a 
reduction in scanning frequency and scanning thinning can be achieved. Accordingly, the 
electro-optical device has a configuration that is suitable for low power consumption and 
long operating time. 

[0023] A sixteenth electro-optical device of the present invention includes the 
fourteenth or fifteenth electro-optical devices of the present invention, such that scanning is 
performed when displayed data is changed. The electro-optical device has a function that is 
suitable for low power consumption. 

[0024] A seventeenth electro-optical device of the present invention includes the 
above-described electro-optical device, such that the switching elements include TFTs. 

[0025] An eighteenth electro-optical device of the present invention includes the 
seventeenth electro-optical device of the present invention, such that the TFTs are 
polycrystalline silicon TFTs that are produced by a low-temperature process of 600°C or less. 
Using a low-temperature process, polycrystalline silicon TFTs can be provided, for example, 
on a substrate containing glass which has a poor thermal resistance. Accordingly, the 
production cost of the electro-optical device can be reduced. Further, when the temperature 
in the process is reduced further, the electro-optical device can be placed on a flexible 
substrate, such as a plastic substrate. Consequently, the electro-optical device has excellent 
flexibility. 
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[0026] A nineteenth electro-optical device of the present invention includes the 
above-described electro-optical device, such that a luminescent layer of the 
electroluminescence element includes an organic material. Full-color display can be 
performed by adequately selecting the organic material that constitutes the luminescent layer. 

[0027] A twentieth electro-optical device of the present invention includes the 
above-described electro-optical device, such that the luminescent layer of the 
electroluminescence element includes an organic polymer material. The electroluminescence 
element including the luminescent layer that is made of an organic polymer material can be 
driven with low power, and thus the electro-optical device has a configuration that is suitable 
for low power consumption. In order to form the luminescent layer of the nineteenth and 
twentieth electro-optical devices of the present invention, a liquid-phase process, such as spin 
coating, roll coating, or an inkjet process, as well as a vapor-phase process, such as 
evaporation, can be used. 

[0028] A twenty-first electro-optical device of the present invention includes the 
above-described electro-optical device, such that the liquid crystal of the liquid crystal 
element is a super twisted nematic liquid crystal having a twist angle of 180 degrees or more. 
In the electro-optical device, the liquid crystal element can be driven with low voltage, and 
thus power consumption of the electro-optical device can be reduced. 

[0029] An electronic apparatus according to the present invention includes the 
above-described electro-optical device as a display unit. 

[0030] A method for driving an electro-optical device of the present invention that 
includes a plurality of types of electro-optical elements, includes setting a usage condition of 
the plurality of types of electro-optical elements on the basis of a result obtained by 
measuring a predetermined physical quantity. Herein, setting the usage condition of the 
electro-optical elements based on the result obtained by measuring a predetermined physical 
quantity means, for example, selecting a preferable combination of electro-optical elements 
and a number of the electro -optical elements to be used from a plurality of types of electro- 
optical elements, and adjusting the potential of a power supply, which is a reference of power 
to be supplied to the electro-optical elements, on the basis of the result obtained by measuring 
the temperature where the electro-optical device is used, the intensity of external light, the 
luminance of the electro-optical elements, the resistance of the electro-optical elements, and 
so on. 

[0031] When the electro-optical device is used for a display device of a portable 
electronic apparatus, for example, low power consumption as well as visibility may be 
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required. In that case, low power consumption and visibility can be achieved by selecting a 
suitable combination of the electro-optical elements based on the measured intensity of 
external light and power consumption according to the type of the electro-optical element. 

[0032] In the above-described method for driving the electro-optical device, the 
plurality of types of electro-optical elements include a luminescent element and a liquid 
crystal element. 

[0033] The above-described method for driving the electro-optical device is useful 
for a method in which a plurality of types of electro-optical elements, such as a luminescent 
element and a liquid crystal element, are provided in each pixel. 

[0034] A method for driving an electronic apparatus according to the present 
invention that includes a plurality of types of electro-optical elements, includes a first step of 
measuring a predetermined physical quantity, and a second step of setting the usage condition 
of the plurality of types of electro-optical elements on the basis of the measurement result 
obtained in the first step. Examples of the predetermined physical quantity include the 
temperature, the intensity of external light, the luminance of the electro-optical elements, and 
the resistance of the electro-optical elements. 

[0035] Herein, setting the usage condition means setting the usage condition of the 
liquid crystal element and the luminescent element in accordance with, for example, the 
operating environment of the electronic apparatus, deterioration of the electro-optical 
elements due to increase in the operating time of the liquid crystal element or the luminescent 
element. More specifically, an adequate combination of the electro-optical elements and the 
types of the electro-optical elements to be used are selected from the liquid crystal element 
and the luminescent element. Further, when the electro-optical device is used as a display 
device, a part of the display device can be displayed using the other electro-optical element. 

[0036] In the above-described electronic apparatus, the intensity of external light 
and the luminance of the electro -optical elements can be measured by providing a device to 
measure intensity of light. Further, by providing a device to supply a signal to the electro- 
optical device to set the usage condition of the electro-optical elements, such as the liquid 
crystal elements and the organic electroluminescence element, the usage condition of the 
electro-optical elements can be set based on the result obtained by measuring the intensity of 
light. 

[0037] When the "intensity of light" is the intensity of external light in the 
environment where the electro-optical device is placed, the usage condition of the electro- 
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optical elements can be set based on the operation environment of the electro-optical device, 
for example, whether the environment is dark or bright. 

[0038] When the "intensity of light" corresponds to the luminance of the electro- 
optical elements, the deterioration of the electro-optical elements is measured. Accordingly, 
the usage condition of the electro-optical elements can be set based on the deterioration of the 
electro-optical elements. Consequently, the power to be supplied to the electro-optical 
elements can be adjusted so that a predetermined luminance can be obtained. 

[0039] The above-described electronic apparatus further includes a device to 
provide a signal to the electro-optical device to set each usage condition of the liquid crystal 
element and the organic electroluminescence element on the basis of the light intensity 
measured by the device to measure light intensity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] Fig. 1 is a sectional view of an electro-optical device according to an 
embodiment of the present invention; 

[0041] Fig. 2 is a schematic that shows a pixel equivalent circuit of the electro- 
optical device according to the embodiment of the present invention; 

[0042] Figs. 3(a)-3(c) are schematics that show a process for producing TFTs 
according to the embodiment of the present invention; 

[0043] Figs. 4(a)-4(b) are schematics that show a process for producing an organic 
electroluminescence element and a reflective liquid crystal element according to the 
embodiment of the present invention; 

[0044] Fig. 5 is a perspective view that shows an example of a mobile personal 
computer on which the electro-optical device according to the present invention is mounted; 

[0045] Fig. 6 is a perspective view that shows an example of a cellular phone on 
which the electro-optical device according to the present invention is mounted; 

[0046] Fig. 7 is a perspective view and schematic that shows an example of a digital 
still camera in which the electro-optical device according to the present invention is used as 
the finder; 

[0047] Fig. 8 is a schematic that shows an electronic apparatus according to an 
embodiment of the present invention; 

[0048] Fig. 9 is a flow chart that shows the operation of the electronic apparatus 
according to the embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0049] Hereinafter, preferred embodiments of the present invention will be 
described. 

[0050] Fig. 1 is a sectional view of an electro-optical device according to an 
embodiment of the present invention. The device includes thin film transistors (TFTs) as 
switching elements, an organic electroluminescence element as an electroluminescence 
element, and a reflective liquid crystal element as a liquid crystal element. The TFTs include 
a semiconductor layer 12 which is made of polycrystalline silicon and which includes a 
source region and a drain region 1 5, a gate insulating film 13, gate electrodes 14, a first 
interlayer insulating film 16, and source electrodes and drain electrodes 17. The organic 
electroluminescence element includes an underlayer electrode 21, a luminescent layer 22, and 
a pixel electrode 23. The reflective liquid crystal element includes the underlayer electrode 
21, the pixel electrode 23, liquid crystal 3 1, a counter electrode 32, a color filter 33, and a 
polarizer 35. The pixel electrode 23 is shared by the organic electroluminescence element 
and the liquid crystal element. When the underlayer electrode 21 is made of material having 
a high light-reflection efficiency, such as metal, the underlayer electrode 21 functions as a 
reflector of the liquid crystal element. In the electro -optical device having the above- 
described configuration, the organic electroluminescence display element emits unpolarized 
light. Accordingly, the emitted light is not modulated by the liquid crystal element, and the 
light from the organic electroluminescence element is visible from the polarizer 35 side. 
Further, by making the color of the light emitted from the organic electroluminescence 
element match the color of the light transmitted through the color filter 33, the color filter 
does not degrade the light usage efficiency. 

[0051] With this configuration of the electro-optical device, the advantages of the 
organic electroluminescence element and the reflective liquid crystal element can both be 
provided according to need. For example, the electro-optical device is constituted so that at 
least the organic electroluminescence element and the reflective liquid crystal element can be 
used in dark and bright environments respectively, thereby providing both advantages, that is, 
excellent visibility and low power consumption, which are usually mutually exclusive. For 
example, in a bright place, the reflective liquid crystal element is operated instead of the 
organic electroluminescence element, which usually causes a visibility problem, so as to 
enhance the visibility of the electro-optical device as a display device. At this time, by 
applying a voltage in the opposite direction to the underlayer electrode 21, current is not 
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supplied to the organic electroluminescence element, and thus power consumption can be 
reduced. 

[0052] Also, in the electro-optical device, the organic electroluminescence element 
and the reflective liquid crystal element can be driven by the same TFT. This operation is 
cost-efficient compared to the case where a TFT is provided for each of the elements. 
Furthermore, since the TFTs are provided under the organic electroluminescence element and 
the reflective liquid crystal element, the light-emitting area of the organic 
electroluminescence element or the aperture ratio of the reflective liquid crystal element is 
not reduced. In addition, since the TFTs are provided under the organic electroluminescence 
element and the liquid crystal element, a complex circuit, such as a static random access 
memory (RAM) can be provided. 

[0053] The liquid crystal 3 1 can be provided on the pixel electrode 23 with an 
alignment layer therebetween so that the alignment of the liquid crystal is enhanced. Various 
methods can be used for liquid crystal alignment, such as rubbing, off-axis deposition, and 
UV irradiation, for example. 

[0054] Fig. 2 is a schematic of a pixel equivalent circuit according to the electro- 
optical device having the configuration shown in Fig. 1. In Fig. 2, a plurality of scan lines 41 
and a plurality of signal lines 42 are arranged in a matrix and the TFTs 43, static random 
access memories (RAMs) 44, reflective liquid crystal elements 45, and organic 
electroluminescence elements 46 are provided at the intersections of the scan lines 41 and the 
signal lines 42. 

[0055] In this embodiment, the gray-scale is represented by 2 bits, and thus a low- 
bit signal line 421 and a high-bit signal line 422 are provided as the signal lines 42. 
Accordingly, a low-bit TFT 43 1 and a high-bit TFT 432 are provided as the TFTs 43, and a 
low-bit static RAM 441 and a high-bit static RAM 442 are provided as the static RAMs 44. 
Further, a low-bit reflective liquid crystal element 45 1 and a high-bit reflective liquid crystal 
element 452 are provided as the reflective liquid crystal elements 45. A low -bit organic 
electroluminescence element 461 and a high-bit organic electroluminescence element 462 are 
provided as the organic electroluminescence elements 46. 

[0056] While a selection pulse is applied to the scan lines 41, a picture signal is 
applied to the signal lines 42, and is held by the static RAMs 44 through the TFTs 43. Light 
reflection is controlled by applying voltages to the reflective liquid crystal elements 45. Also, 
light emission is controlled by supplying currents to the organic electroluminescence 
elements 46. Since the electro-optical device of this embodiment includes the static RAMs 
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44 which are capable of holding a picture signal, scanning at a constant period is not needed; 
rather, scanning is only performed when the image display is changed. Consequently, the 
electro-optical device has a configuration that is suitable to reduce power consumption. 

[0057] Also, the electro-optical device has a configuration that is suitable for gray- 
scale display using a digital (binary) driving method, in which any of the ON state and OFF 
state of the TFTs is selected. For example, by setting the luminance of the reflective liquid 
crystal element to 0 and 1, and setting the luminance of the organic electroluminescence 
element also to 0 and 1 , the total area occupied by the organic electroluminescence element 
and the reflective liquid crystal element of the luminance of 1 or 0 corresponds to the gray- 
scale. This gray-scale method is generally referred to as "an area ratio gray-scale method" 
(M. Kimura, et al, Proc. Euro Display '99, Late-News Papers (1999), 71; M. Kimura, et al, 
Proc. IDW '99 (1999), 171; M. Kimura, et al, Dig. AM-LCD 2000 (2000), 245; M. Kimura, 
et al, to be published in J. SID 8 (2000), 1; Japanese Unexamined Patent Application 
Publication Nos. 09-090345, 10-068931, 09-233107; and Japanese Patent Application No. 
11-305740). 

[0058] In the electro-optical device, the area ratio of the low-bit reflective liquid 
crystal element 451 and the high-bit reflective liquid crystal element 452 is 1:2. Since the 
amount of light reflection is proportional to the light reflection area, the ratio of the amount 
of light reflection is also 1:2, and thus 4 gray levels can be obtained. The area ratio of the 
low-bit organic electroluminescence element 461 and the high-bit organic 
electroluminescence element 462 is 1:2. Since the amount of light emission is proportional to 
the light emission area, the ratio of the amount of light emission is also 1:2, and thus 4 gray 
levels can be obtained. The spirit of the present invention can be applied to a 3-bit gray-scale 
or higher. 

[0059] In this embodiment, CMOS-inverter-type static RAMs 44 are used, but any 
type of static RAMs 44, such as depletion-load-type and high-resistance polycrystalline- 
silicon-load-type, can be applied to the present invention. 

[0060] Various liquid crystal compounds, such as super twisted nematic liquid 
crystal having a twist angle of 1 80 degrees or more, can be used for the liquid crystal material 
for the reflective liquid crystal elements. The reflective liquid crystal element containing the 
super twisted nematic liquid crystal having a twist angle of 180 degrees or more is 
advantageous in that it can be driven with a low voltage. Also, in this embodiment, the super 
twisted nematic liquid crystal is used as the liquid crystal material for the reflective liquid 
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crystal display element and is steadily driven by the static RAM, and thus the response speed 
is not very slow. 

[0061] Various electroluminescence materials, for example, an organic polymer, 
such as paraphenylene vinylene and its derivatives, can be used for the luminescent layer of 
the organic electroluminescence element. The organic electroluminescence element 
including the luminescent layer that is made of organic polymer can be driven with low 
power, and thus the power consumption of the electro-optical device can be reduced. 

[0062] The TFTs are used as the switching elements in this embodiment, but, for 
example, thin film diodes (TFDs) can also be used according to requirements. 

[0063] Figs. 3(a)-3(c) are schematics that show a process for producing the TFTs 
used as the switching elements of the embodiment according to the present invention, using a 
low-temperature process. Specifically, an amorphous silicon fdm is formed on an array 
substrate 1 1 by PECVD using SiH 4 and by LPCVD using Si 2 H 6 . Then, the amorphous 
silicon is recrystallized by laser irradiation, for example, excimer laser irradiation, or solid- 
phase growth, so as to form polycrystalline silicon 12 (Fig. 3(a)). After patterning of the 
polycrystalline silicon 12, the gate insulating film 13 is formed. The gate electrodes 14 are 
formed by deposition and patterning (Fig. 3(b)). An impurity, such as phosphorus or boron, 
is implanted into the polycrystalline silicon 12 by self-alignment using the gate electrodes, so 
as to form the source region and drain region 15 having a CMOS structure. Then, the first 
interlayer insulating film 16 is formed, contact holes are formed, and the source electrodes 
and drain electrodes 17 are formed by deposition and patterning (Fig. 3(c)). 

[0064] Although not shown in Figs. 3(a)-3(c), the TFTs used as the static RAMs, as 
well as the TFTs for the switching elements, are formed on a glass substrate by the so-called 
low-temperature process of 600°C or less. 

[0065] Figs. 4(a) and 4(b) are schematics that show a process for producing the 
organic electroluminescence element and the reflective liquid crystal element according to 
the embodiment of the present invention. A second interlayer insulating film 18 is formed, 
and the underlayer electrode 21 is formed by deposition and then patterning. The 
luminescent layer 22 is formed by a liquid-phase process, such as spin coating (T. Shimada, 
M. Kimura, et al, Proc. Asia Display '98, 217 (1998)), squeegee coating, or an inkjet process 
(T. Shimada, S. Seki, et al, Dig. SID '99 (1999), 376; and S. Kanbe, et al, Proc. Euro Display 
'99 Late-News Papers (1999), 85), or a vacuum process, such as sputtering or evaporation. A 
contact hole is formed, and the pixel electrode 23 is formed by deposition and then patterning 
(Fig. 4(a)). Then, the reflective liquid crystal element is formed by an ordinary process 
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("Color liquid crystal display playing a leading roll in mobile technologies", Session 4 of 
talks at Electronic Display Forum 98). 

[0066] Peripheral circuits, such as a shift register, a scan line driver, a signal line 
driver, and a CPU can be provided after the above-described processes. However, the 
peripheral circuits, such as the shift register, the scan line driver, the signal line driver, or the 
CPU, can be integrated on the glass substrate when the switching elements and the static 
RAMs are formed. 

[0067] Next, examples of electronic apparatuses using the above-described electro- 
optical device are described. Fig. 5 is a perspective view showing the configuration of a 
mobile personal computer using the electro-optical device. In Fig. 5, the personal computer 
1 100 includes a main body 1 104 having a keyboard 1 102 and a display unit 1 106. The 
display unit 1106 includes the foregoing electro-optical device 100. 

[0068] Fig. 6 is a perspective view showing the configuration of a cellular phone 
using the electro-optical device 100 as a display unit. In Fig. 6, the cellular phone 1200 
includes a plurality of operation buttons 1202, an earpiece 1204, a mouthpiece 1206, and the 
electro-optical device 100. 

[0069] Fig. 7 is a perspective view and schematic showing the configuration of a 
digital still camera using the electro-optical device 100 as a finder. Fig. 7 plainly shows the 
connection between the digital still camera and external equipment. In an ordinary camera, 
film is exposed to the optical image of an object. On the other hand, the digital still camera 
1300 performs photoelectric conversion of the optical image of an object by an imaging 
device, such as a charge coupled device (CCD), so as to generate an image signal. On the 
back surface of a casing 1302 of the digital still camera 1300, the foregoing electro-optical 
device 100 is provided, and display is performed on the basis of the image signal generated 
by the CCD. Herein, the electro-optical device 100 functions as a finder to display objects. 
Also, on the front surface (back side in Fig. 7) of the casing 1302, a light-receiving unit 1304 
that includes an optical lens and the CCD is provided. 

[0070] When a photographer views the image of an object that is displayed on the 
electro-optical device 100 and pushes a shutter button 1306, an image signal that is generated 
by the CCD at that time is transmitted to, and stored in, a memory on a circuit board 1308. 
Also, in the digital still camera 1300, video signal output terminals 1312, and an input/output 
terminal for data communication 1314 are provided in a side surface of the casing 1302. 
Further, as shown in Fig. 7, a television monitor 1430 can be connected to the video signal 
output terminals 1312 and a personal computer 1440 can be connected to the input/output 
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terminal for data communication 1314, according to requirements. In addition, the image 
signal that is stored in the memory on the circuit board 1308 is output to the television 
monitor 1430 and the personal computer 1440 by a predetermined operation. 

[0071] In addition to the personal computer in Fig. 5, the cellular phone in Fig. 6, 
and the digital still camera in Fig. 7, other electronic apparatuses to which the electro-optical 
device 100 of the present invention is applied include a television set, a video tape recorder of 
viewfinder type or monitor direct- view type, a car navigation system, a pager, an electronic 
notebook, an electronic calculator, a word processor, a workstation, a videophone, a POS 
terminal, and equipment having a touch panel, for example. Needless to say, the electro- 
optical device 100 can be used as the display unit of each of these and other electronic 
apparatuses. Examples of electro-optical elements used for the electro-optical device 100 
include an organic electroluminescence element, an inorganic electroluminescence element, a 
reflective liquid crystal element, a transmissive liquid crystal element, an electrophoretic 
element, and an electron emission element, for example. 

[0072] Fig. 8 is a schematic that shows an electronic apparatus according to an 
embodiment of the present invention. The electronic apparatus includes the electro-optical 
device, a display unit 51, and a light intensity measuring device 52. An electro-optical 
element used for the display unit 5 1 can be selected in accordance with the application and 
required performance from, for example, an organic electroluminescence element, an 
inorganic electroluminescence element, a reflective liquid crystal element, a transmissive 
liquid crystal element, an electrophoretic element, and an electron emission element. It is 
preferable to use a plurality of electro-optical elements, such as the organic 
electroluminescence element and the reflective liquid crystal element, in order to achieve 
enhanced power consumption and visibility. 

[0073] Any light intensity measuring device having any material, structure, or 
method can be used for the light intensity measuring device 52, as long as the light intensity 
can be measured. Typical examples include a CMOS image sensor, a CCD, and a 
photodiode, for example. 

[0074] Subsequently, a method for setting a usage mode of the electro-optical 
elements in the electronic apparatus shown in Fig. 8 is described with reference to Fig. 9. 
Basically, the usage mode of the electro-optical elements is set based on whether the intensity 
of external light measured by the light intensity measuring device 52 is larger or smaller than 
a predetermined value which is appropriately set. 
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[0075] Hereinafter, a specific description is provided using an example in which the 
electro-optical device shown in Fig. 1 is used for the display unit 51 of the electronic 
apparatus shown in Fig. 8. After the intensity of external light is measured, the organic 
electroluminescence element is operated if the result is dark, and the reflective liquid crystal 
element is operated if the result is bright. More specifically, when the organic 
electroluminescence element is operated, a voltage is applied to the underlayer electrode 21 
shown in Fig. 1 so that the organic electroluminescence element has a forward voltage. For 
example, when the organic electroluminescence element has a diode characteristic in which a 
current flows from the pixel electrode 23 to the underlayer electrode 21, a voltage that is 
lower than that of the pixel electrode 23 is applied to the underlayer electrode 21 . Otherwise, 
a voltage higher than that of the pixel electrode 23 is applied to the underlayer electrode 21. 
At this time, the reflective liquid crystal element also responds, but the emitted light from the 
organic electroluminescence element is not modulated because the light is unpolarized. 

[0076] When the reflective liquid crystal element is operated, a voltage is applied to 
the underlayer 21 so that the organic electroluminescence element has a reverse voltage. For 
example, when the organic electroluminescence element has a diode characteristic in which a 
current flows from the pixel electrode 23 to the underlayer electrode 21, a voltage that is 
higher than that of the pixel electrode 23 is applied to the underlayer electrode 21. 
Otherwise, a voltage that is lower than that of the pixel electrode 23 is applied to the 
underlayer electrode 21. The reverse voltage does not cause current flow and light emission, 
and thus the power consumption does not wastefully increase. 

[0077] In the electronic apparatus shown in Fig. 8, the usage mode of the electro- 
optical elements is set based on the intensity of external light. However, the usage mode of 
the electro-optical elements can be set based on, for example, deterioration of the electro- 
optical elements, or on the result obtained by measuring the remaining battery. Also, the 
usage mode can be set by a user himself using a switch or the like. 

[0078] Furthermore, an adequate method for driving the electro-optical elements 
can be selected from an active driving method and a passive driving method in accordance 
with the required power consumption, the display panel size, the display quality, the 
production cost, and so on. 

[0079] Various gray-scale methods can be adopted for the gray-scale method for the 
electro-optical elements. For example, a method in which the gray-scale is obtained by 
analog-control of the current or the voltage applied to the electro-optical elements, and a time 
ratio gray-scale method in which the gray-scale is obtained by controlling the period of the 
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ON state of the electro-optical elements can be adopted along with the above-described area 
ratio gray-scale method. When the area ratio gray-scale method is adopted, the power 
consumption can be reduced by using the static RAMs. 



